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summit of an isolated peak-—is not the true temperature of
the air column. In order to determine an exact reduction
for an individual station it is only necessary to arrange each
difference in pressure between the summit and base according
to the mean temperature between base and summit at the
same time. In this way a table has been formed for the re-
duction of observations at Mount Washington. (See Profes-
sional Paper No. VI, p. 8.) The error of the theoretical re-
ductions at 0°, at 22.5 inches, is —0.36 inch, and at 22.0
Inches it is —0.23 inch.

If all the high stations in the country were situated like
Mount Washington, with a station atsea level, or near the base,
1t would be an easy matter to determine a table of reduction
for each station. In the western portion of the country, how-
ever, the high stations are on an elevated plateau, and the
above plan must be modified. We may say, in general, that
any system which will enable us to draw isobars connecting
the reduced values at elevated stations with those quite near
sea level and west of the plateau region, may be considered
fairly satisfactory as a first approximation. In the prac-
tical working out of this principle the plan adopted at Mount
Washington was carried out. An approximate law of reduc-
tion on the east and west sides of the plateau region was

found, and when those were seen to be nearly the same they
were united in a single formula which enabled the construc-
tion of the table here given. After applying this table to
make actual reductionsit was found that a few stations, owing
to their greater or less isolation or to individual peculiarities,
did not have perfectly satisfactory reductions. In those cases
it was necessary to modify the temperature argument slightly
to bring them in harmony with the rest. These stations at
the present time are Baker City, Cheyenne, Denver, El Paso,
Santa Fe, and Winnemucca.

It was found that in using the observed temperatdre for the
reduction too much weight was given to existing conditions,
as the atmosphere did not seem to respond immediately to
temperature changes. By taking a mean of the observed tem-
perature and that at the previous observation a fairly satisfac-
tory result could be had, and this is the adopted method. It
has been found that at times there are abnormal conditions of
both temperature and pressure which throw out the reduction
at a limited number of stations, but even in those cases the
general reduction is satisfactory. Such conditions are more
prevalent in Wyoming, Idaho, Montana, and in Canada to the
north of the latter State.

THE TOTAL QUANTITY OF AQUEOUS VAPOR IN THE ATMOSPHERE.

By Prof.

The diminution of aqueous vapor in the atmosphere with
altitude above sea level was approximately determined by
Hann in 1874 (see the collection of translations entitled
“ Short Memoirs on Meteorological Subjects,” Annual Report,
Smithsonian Institution, 1877, p. 376). Hann showed that
all observations on mountains or in balloons, then available
to him, agree in giving a simple law of diminution of vapor
tension that is empirical, but not contrary to what we know
of the laws of the diffusion of vapor. This law is
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where p and p, are the vapor tensions at top and bottom of |

an air column whose height in meters is k. The constant
6517 may vary with the temperature of the column, but ob-
servations werenot available for determining this fact; Hann
subsequently used 6500 as the constant instead of 6517, and
this formula agrees within 1 per cent with the general aver-
age of all available European observations.

The total quantity of water present as vapor in a unit vol-

ume of air at any height in the atmosphere is given by intro-‘
ducing the above equation into the ordinary expression for'
the weight in kilograms of the vapor in a cubic meter of air,!

which therefore becomes
__0.0010582
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where « ig the coefficient of expansion, and ¢ the temperature
of the air in centigrade degrees.

This value for ¢ may be introduced into the differential
equation for the quantity of vapor in a column of air reach-
Ing from sea level up to the altitude &; the average tempera-
ture of the whole column t’ is assumed to be the average of
the temperatures ¢, at the bottom and ¢, at the top of the col-
umn. The weight of vapor in kilograms in the whole column
of 1 square meter section is expressed by— ‘
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Tables in English measures based on the above formuls
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were prepared in 1884 for an unpublished fourth edition of
the Signal Office circular “ How to Use Weather Maps,” and
| were also given in a condensed form on pages 409 and 410 of
the Smithsonian Report for 1888; in response to several in-
quiries they are now reproduced herewith (see Table 1 for
¢ and Table 2 for Q).
TanLe 1.—Normal disiribution of agqueous
vapor for various altitudes above the
earth’s surface.
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] 1,000 10.95 7:99 5.76 4.09 |
2,000 | 0.806 8.83 6.44 4.64 3-30
4,000 | 0.650 7.1 5.19 3.74 2.66
6,000 | 0.524, 575 4.1 3.02 2.14
8,000 | 0.423 4.63 3.3 2.44 1.73
] 101000 0.341 3-73 2.72 1.6 1.39
12,000 | 0.275 3.01 2.20 1.58 1.12
14,000 | 0.221 2.42 1.77 1.27 ©0.90
16,000 | 0.179 1.96 1.43 1.03 0.73
18,000 | 0.1 1.58 1.15 0.83 0.59
20,000 | ©O.11 1.27 0.93 0.67 0.47
22,000 [ 0.004 1.03 0.75 0.54 0.38
24,000 | 0.075 0.82 0.62 0.43 0.31
26,000 | 0.061 0.67 0.49 0.38 0.25
28,000 [ 0.049 0.54 0.39 0. 2| 0.20
30,000 | 0.040 0.43 0.32 0.23 0. 16

The total quantity of vapor in the atmosphere may also be
expressed by the depth it would occupy if all precipitated as
Irain, as in the following paragraphs (for précision the equiv-
;alent water is supposed to have the temperature of 39.2°,
which is that of the standard maximum density of water):

For a vertical column of 1 square meter section, @ ex-
pressed. in kilograms is equivalent to @ millimeters of rain-
fall at 39.2° for that same horizontal square meter.

For a vertical column of one square foot section, @ ex-

Q
36415.64
at 39.2° for that same square foot.

pressed in grains is equivalent to inches- of rainfall
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This latter figure is based on the fact that 1 cubic foot of ! Tante 3.—Total quantily of water, etc.—Continned.
pure water at its maximum density, viz, for 89.2°, weighs in No ’ Station D e ] No | Stati Ineh
. - . . » 10D, neh. O, . .
vacuo 62.42667 pounds avoirdupois of 7,000 grains each; at T akion e
the temperature 62.5° the density of the water is less and the , . ' .
« £ . s ap Eastern Gulf States—Cont’d Missowri Valley.
weight of a cubic foot is 62.855 pounds. 3 . Meridian, Miss | x| 8 Columbiu, Mo.cnstersrisiaeniinnnes
: - : 37 icksburg, Mis 1.2 1| &8 | Kansas City, M .8
The .total amount of moisture in a column of sa@uratgd air | ¥, New urleans, L | v sel Springfeld. Mo | o5
extending from sea level up to a given altitude is given in the | Western Gulf States, | 90 Qluuha, Nebe..... %17
following table by the depth in inches of the corresponding | 33| FhitiePors Lo, mmmmmere e e 137 & Sioux City, lowa.. b
layer of water that would be formed if all the moisture were | 41 | Little Rock. Ark.... Dl mra o3| pe S R o3
to fall to the earth as rain. 131 Galbestom, Tax 1ooes TN favee. piorthern Siope.
44 | Palestine, Tex Jd 13 85 araenion o5
TasLE 2.—Depth of layer of water in 45  San Antonio, Tex... o] 12, 3‘; I ?x’é’ui?.s?,'%{oﬂ"“ o, 1ok
a column of air whose dew-point at i Ohio Valley and Tennessee. iI g8 * Repid City, H. Dak R
p | 3 A g P ) )
the earth's surface 18 gi.ve-n. i 46 | Chattanooua, Tenn el T.0:l g9 Cheyenne.' Wyo... el 0.4
4g . {ingf)ml.l;,q{ enn ... 1.0 ! roo ]l.\inn:ller[’.,l“t{o Hein . o.4
4% | Me i enn. W LT R orth £ ceosse .
Height | 49 Nasl_wille', Tenn .. 1ol o l:’Ilifeh'ils %ltl;pe. o3
of ccg umn| So°. 70°. 60°. 50°. g‘l’ i kg;'lg&:ﬂg- {\{g . :.9 ‘| 102 gsnzfr. gollo ............. R B
in feet. | 3z | Indianapolis, Ind 0‘3 f :03 A Qo LYo o4
| ndia olis, e . o4 | Concordia, Kans.. .
i 53 (éll}gl;:,l'lat-l. ggio o.g |I xgg %qdf;x_et()itiy, Kans. g.g
54 | Cor it 10 0. ie . tere .
! Inch. | Inch. Inch. Inch. 55 Pitl-sburg.'Pa ...... 0.9 :07 Uxfaﬂo?n:t\.agﬁln.... 3.3
6, 000 i 13 1.0 0.7 o. g 50 l’m'keriburg.l\‘hl. VR 0.9 . Southern Slop:
12,000 2.1 1.5 I.I o : ower Lake 108 | Abilene, Tex.... .
18:000 2.5 1.8 1.3 0.9 : 5§ guﬁ‘:‘do. g;‘{ 0.8 lgg ! Amarillo, ’f‘gx ...... 3.?
24,000 2.7 ! 2.0 1.4, 1.0 58 | Oswego N. 0.3 H Southern Plate:
30,000 2.3 | 2.1 1.5 ' I.I ! 59 ; Rochester, N 0.5 | 110 i El Paso, Tex........ 0.4
! i i ! go gll')e, ll’a.i.a o.g RS S'i‘ant:\ Fe, N. Mex 0.3
1 | Clevelund, 0. 112 - Tueson, Ariz.... 0.5
. 62 | S3andusky, Ohi . 8 | i%.0aes . .
In order to use the preceding tables we need to know the; o3 Toledo, Ohio . o8 | 13 %::I:llg}?ét‘:({é:ce, Gal.....llilie 4
current or the average dew-point at any given station. The| & | Detroif il o =l @81 15! Carson City, Nev e ot
normal values for a few stations were given in the Pub]ica- 65 | Alpena, Mich .....ccceeneannens i 0.7 | 116 | Winnemucea, Nev...... .| 0.3
. t 66 | Urand Haven, Mich.. .| 0.8 117 | Salt Lake City, Utah..ccuceuves’ 0.5
tion above referred to, but the present Summary gives the| 67 | Marquette, Mich... sl T Northern Plateau, i
average dew-point at 8 a. m. and 8 p. m. for the year 1894 at| & | Savlcete Marie, Mich 1 oae | e '| Do B Q(ﬁffﬁé':"""""‘ o3
most of the Weather Bureau stations, and from these values| 70| ghicage Tl (oo - 0-8 | 120 Spokane, Wash ...« 0.5
f [+
the aqueous contents of the atmosphere can be computed,| 7z gr(ienlBaﬁ,'Wis. . o-7i 0| VViNorth Pacie Coasi Region, ; 8
. . 2 73 uluth, Minn,......... T ere| O 122 | Fort Canby, Wash ......... cees .
with the results, as shown in the following table. | stoort Norti Dkoia. s 1123 Fort An $¥ésl' Wasii .. 108
4 oorhead, Minn......... easveas} O.5 | 124 | Seattle, Wash........ 0.8
_ . - : P , §t. Vincent, Minn, 4o 25 | Tatoosh Island, Wash ......... .
TasLe 3.—Total quantily of water contained in 30,000 feet of the lower 73 | Bismarck, N. Dak. Noosil 1 pg,.,;’:nd_’:,‘;;‘g____??"__ g_g
atmosphere, expressed as depth of equivalent rainfall and corresponding to| 77 | Williston, N. Dak........... veedl 0.4 Il 127 | Roseburg, Oreg....cc.caueen. ol 0.9
the mean local dew-point observed in 1894. 28| st P’;{"J;"'{u@ﬁ“m‘w‘ Valley. " | E Mitl‘{dlecl’l;c"ﬁﬂ Coast Region.
d . 1NN, coueenceess 5 . : reka, seaceas .
gz Ill;a Crrnsse'; }Vis . g.; :zg | Rleztllequuﬂ',“(‘al... g.g
. . avenport, lowa .8 . Sacr: to,Cal... N
No. Station. Inch. |[No. Station. Inch. | g; lDea ll:[!)iule's, Low: 2.7 || :?,? |, Sanl??l;:;s\zigeo?(:al 3.?,
.| 82| Keokuk,lowa 0.8 1 South Pacific Coast Reg
] 83 | Cairo, 1l1...... 1o B COl evrararnreannes .
New England. South Atlantic States. 82 Springfield, 11} o-g iii s Ltr):s.gg'gells. Cal 2,2
! gg:: &l“:. gg cesseenes sesererans g-: I gl';?}:g;!;e,g-g. | 10 gg ianillal, ln\}o 0.8 | 134 | San Diego, Cal.. Lz
s . d 14 y LG 1.4 5 | St. Louis, Mo ..., o.g || 135 | San Lais Obispo
3 | Northfield, V¢ 0.6 || 21 | Kittyhawk, N, | ora 7 ’
4 | Boston, Mass . o.8 |l 22 | Raleigh, N.C.., ceeee| LI :
§ | Nantucket, Mass.o.ooreereoeene| 09 ) 23 Hihmington, N, Coovese oo oae-e x3 The ahove figures refer to the ideal atmospheres above sea
7 | BlockIstand, R, L...0eetiitii oug || 25 | Angusta, Ga ... .3 | level, and must be diminished by the guantity that is sup-
8 | New Haven,Conn...eeee-ecus ...| 0.9 [l 26 | Bavannah, Ga.... . 1.4 : :
9 | New Lq'xi\;llon, Conn Siatonreee 0.9 || 27 | Jacksonville, Fla..cesouaraansen 1.5 ]_)OSE‘-d t(_’ lie between the station and sea level.
o | Atbarr e ftiantic States. | | 0.8 || 28 | Jupiters Pl ot . 1y |, 1T this moisture were everywhere and entirely precipitated
11 | New York, N, Y1100l ..)| o9 |l 2 | Key West, Fia 1 1.9 |the weight of the atmosphere would be diminished, and the
2]
12 gﬂrll;\lsbi"ﬁ! Ps}’ ...... 0.9 | 30 iamps, Fia... J 1.7 1
I; e sesessasssescens| Oe Ti ille, sevsrsssssrcasesse| Is ] :
13 | Atlantic City, Nodooooininos onel mmj‘-:lrl;ftefy%utj States, 7 | barometric readings would be lower than now by —-— of the
15 {fvs\ltihlpore. dD .................. 0.9 || 32 | Atlanta, Ga ....... I.I . . R 13.6
:;: 1.;:c1:35§°f"v;:.(522231ZZIIZIZZZ S &t;nbsis;g::ka].ﬂi‘_l'am I a.!oove ﬁgures, i. e., by the equivalent in mercury of the above
18 | Norfolk, Va...oevcveecnenn eesssl 1.2 || 35 | Montgomery, Ala.. .3 @ glven inches of water.




